Hepatic metabolic response of Holstein cows in early and mid lactation is altered by nutrient supply and lipopolysaccharide in vitro.
The metabolic response of the liver during periods of inflammation is poorly understood. The objective of this study was to characterize the effects of nutrient supply and lipopolysaccharide (LPS) challenge on hepatic intermediate metabolism of early- and mid-lactation cows by employing gas chromatography-mass spectrometry with stable isotope tracer. Twelve multiparous Holstein-Friesian cows in early (n = 6; 12 ± 4.2 d in milk) and mid (n = 6; 115 ± 13.5 d in milk) lactation were used for this study. Liver biopsies were performed on all cows. Liver slices (40-60 mg) were incubated in a 37°C water bath for 2 h with either control (phosphate buffered saline), pyruvate (PYR; 1mM unlabeled pyruvate and 1mM [(13)C3]pyruvate), pyruvate + propionate (PYR+PRO; 1mM unlabeled pyruvate, 1mM [(13)C3]pyruvate, and 2mM sodium propionate), or pyruvate + AA (PYR+AA; 1mM unlabeled pyruvate, 1mM [(13)C3]pyruvate, and 2mM AA solution), and LPS (0.0 or 0.2 μg/mL) was added to flasks per treatment. Enrichment of isotopomers in metabolic equilibrium with Krebs cycle intermediates was assessed. Pyruvate fluxes and the enzymatic activity of pyruvate carboxylase (PC) versus pyruvate dehydrogenase (PDH) and phosphoenol pyruvate carboxykinase (PEPCK) were calculated. Media were analyzed for concentrations of tumor necrosis factor-α (TNF-α), glucose, and haptoglobin. Data were analyzed as randomized block (stage of lactation) design in a factorial arrangement of nutrient treatments by LPS dose. Challenge with LPS increased the mRNA abundance of TNF-α, haptoglobin, and serum amyloid A 2, and the concentration of TNF-α in media. Challenge with LPS increased mRNA abundance of PC but reduced the enrichment of (13)C1[M1] and (13)C2[M2]alanine and tended to reduce the enzymatic activity of PEPCK. Incubation with PYR+PRO and PYR+AA increased the flux of pyruvate to acetyl CoA. However, only PYR+PRO increased the enzymatic activity of PEPCK and PDH versus PC and decreased the mRNA abundance of PC. Cows in early lactation tended to receive a greater contribution of pyruvate to the oxaloacetate flux via the lower PDH versus PC activity and a higher mRNA abundance of PC than cows in mid lactation. Our results suggest that regardless of stage of lactation and nutrient supplement, hepatic gluconeogenesis was impaired during inflammation. Further research examining how various nutrients support liver function and improve the immunometabolic response of liver during inflammation is warranted.